ABSTRACT
INTRODUCTION
African leafy vegetables (ALVs) including various amaranth species (eg. Amaranthus hybridus, A. cruentus), cleome (Cleome gynandra), and cowpea (Vigna unguiculata) are nutritionally important vegetables on the African continent which are currently underutilized in South Africa, and have been targeted for conservation. 1 Amaranth is ubiquitous in the country, cowpea is widely cultivated across the continent, and cleome like amaranth, is popular as it is a pioneer plant which emerges naturally when soils are disturbed. 1 ALVs have been labelled as "poverty food", 2 and this label has led to a reduction in the willingness of consumers, particularly the youth, to use and eat these vegetables. 3 Urbanization has created dietary changes typified by a lowered consumption of these traditional foods by consumers, in favor of "exotic" vegetables (e.g., swiss chard). 1 ALVs are seasonal and highly perishable, resulting in issues of unavailability year-round and high postharvest losses. Preservation technologies (e.g. canning) can solve this problem, and will give consumers access to a wider choice of convenient, shelf stable, value-added, and modern products that appeal to urban dwellers. 4 However, canning results in changes in the properties of a food, particularly the sensory properties. No reports on the sensory properties of canned ALVs were available. 5 Previously researchers, 6 have highlighted the need for conducting sensory tests on ALVs and ALV-derived products. The description of leafy vegetable characteristics by sensory analysis is important to establish the specificity or typicality of the vegetables. 7 The role of these sensory tests is to provide valid and reliable information about the perceived sensory properties of indigenous vegetables. 8 In order to succeed, any food that is produced, no matter how nutritious, ultimately has to be eaten and found acceptable by consumers. A consumer sensory test can provide diagnostic information about consumers" perceptions about a product as well as points of superiority or shortcomings. 5 The appearance, flavor and texture of vegetables are the most important characteristics influencing consumers" acceptance and eventually behavior towards buying or not buying. 6 The aims of this study were: to determine the descriptive sensory attributes of canned amaranth, cleome, and cowpea leaves in brine and cream sauce, for insight on similarities and differences; to determine consumer acceptance of canned amaranth, cleome, and cowpea leaves, utilizing a cream sauce as canning medium; and to determine the sensory attributes driving consumer acceptance of canned amaranth, cleome and cowpea leaves. Brine was used as a canning medium, so as to yield products that could be utilized as part of a relish or stew, with the addition of other ingredients, as commonly practiced in households. Cream sauce was used as a canning medium to yield products that could be consumed on their own, without adding anything else. For comparison, similarly canned swiss chard (Beta vulgaris) leaves were included in the study. Swiss chard or "spinach" as it is locally known, is a well-known and popular exotic vegetable often served with a cream sauce in households and restaurants.
EXPERIMENTAL Materials
Amaranth (Amaranthus cruentus), cleome (Cleome gynandra), cowpea (Vigna unguiculata) leaves, and swiss chard (Beta vulgaris) leaves as standard, were canned with either brine or cream sauce as canning media (formulation details are proprietary).
Amaranth, cleome and cowpea were grown at the Agricultural Research Council Tables 1 and 2 give information on the canning parameters applied. Canning parameters were the same for canning of all the leafy vegetables. The differences in initial temperatures were due to variations in handling time during batch pre-canning operations of can filling, can exhausting and loading of cans into the retort. All eight canned products were subjected to descriptive sensory evaluation. Only the cream sauce products were used for consumer acceptance testing. An ambient commercial sterility test as described by Tucker and Featherstone 9 , was carried out to ensure safety of products from the canning process. Ethical approval for the study was granted (EC130827-088) by the Ethics Committee of the Faculty of Natural and Agricultural Sciences at the University of Pretoria.
Descriptive sensory evaluation
Descriptive sensory evaluation of the canned ALVs by a trained sensory panel (n=16)
was carried out in the sensory laboratory of the Department of Food Science, at the University of Pretoria. The panel was trained over 20 h consisting of 2 h sessions per day according to the generic descriptive method described by Einstein. 10 During the training, panelists developed descriptive terms for the aroma, flavor, texture/mouth-feel and aftertaste of the canned leafy vegetables (Table 3) . Panelists were also trained to use Compusense five ® release 4.8 (Compusense Inc., Guelph, ON, Canada), for data recording. Before the actual evaluation, panelists" performances were checked three times using Panelcheck® version 1.4.0 (Nofima Mat, Norway) and guidelines of Tomic, Luciano, Nilsen, Hyldig, Lorensen and Naes.
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Three cans of each product were opened and the contents of each can put into individual bain-marie containers (dimensions 145mm x 80mm x 100mm) and heated to 60-65 °C. For evaluation, portions (25-30g) were then served to the panelists in glass ramekin dishes, covered with foil, and evaluated at ± 55 °C. Panelists received all eight samples, consisting of a thorough mix of leaves and canning fluid, served one after 
Consumer acceptance testing of canned ALVs in cream sauce
The four canned leafy vegetables in cream sauce were presented to a group of South African, female, ethnic black consumers (n=96; age: 19-25 years), invited from amongst the general populace. All consumers were screened to include only persons who were willing to evaluate the products, had no food allergies and could use a computer independently. No training was required. Consumers received all four samples for testing all at once. Each sample was rated for degree of liking or disliking on a horizontal Simplified Labelled Affective Magnitude (SLAM) scale 12 with anchors "greatest imaginable like", neither like nor dislike, and "greatest imaginable dislike". The SLAM scale has the advantage of providing liking data on a psychological universal continuum allowing interpretation across products. The SLAM scale also has the advantage of allowing for adequate provision for responses at the extremes of the scale, thus potentially reducing the effects of end-use avoidance 2 .
Statistical analyses
The significance of each descriptive attribute in discriminating among the samples was investigated using a factorial analysis of variance (ANOVA), with main effects leafy vegetable species and canning medium, as well as the 2-way interaction of the factors using the general linear model (GLM) procedure STATISTICA 12 (Statsoft Inc. USA).
This was followed by mean separation with the Fisher"s least significant difference (LSD) test at p<0.05. Principal component analysis (PCA) was carried out on the multivariate data (attribute means calculated over all panelists over the three sessions) to help in further understanding or simplifying the variances among the products. The covariance matrix PCA (cov-PCA) was used because all the attributes were measured on the same scale. 13 The use of a covariance matrix allowed for a more accurate representation of the importance of each of the descriptive attributes (e.g. a longer vector generally indicates use of a wider range of the scale, typically, but not exclusively, because of greater discrimination among the samples). 14 The results of the consumer acceptance test were investigated using univariate ANOVA and the Fisher"s LSD test, to determine the effect of product on acceptance. An extended internal preference map was constructed by regressing the information for the relevant products from the descriptive analysis onto the dimensions extracted from an internal preference map of the consumers rating using XLSTAT 2014.6, Addinsoft, New York USA. The data used were the individual scores for each product by each consumer for overall liking, and the means of the attribute scores from the descriptive evaluation, with products as rows, and consumers and attributes as variables or columns. The purpose was to understand what attributes were driving consumers liking or disliking of the canned leafy vegetables in cream sauce. Tables 4 -6 show the effects of vegetable species, canning medium and their interaction effects on the sensory attributes of the eight canned leafy vegetables as evaluated by the trained sensory panel.There was a significant interaction effect of vegetable species and canning medium (p=0.03) for perceived intensities of green-grassy/leafy aroma among the products (Table 4 .6). Amaranth an swiss chard in cream sauce had a less intense green grassy/leafy aroma than the in brine products while this attribute was similar in thw two types of cleome and cowpea leaves. There were no differences in the intensity of earthy aroma among the products. Cream sauce products had a more intense popcorn aroma than the corresponding brine products. Amaranth products had more intense popcorn aroma, than the other products. Products with cream sauce generally had a less intense woody aroma than the in brine products. Cleome products had a more intense woody aroma than the others. Cowpea and cleome products had similar intensities of tobacco aroma, but significantly more intense tobacco aroma than amaranth and swiss chard products with similar intensities.
RESULTS

Descriptive sensory evaluation
Amaranth and swiss chard products were sweetest, more than cowpea leaves which in turn was sweeter than cleome which was most bitter, pungent, astringent and with more intense chemical flavour (Table 4 .5) and metallic mouthfeel (Table 4 .6). In cream sauce products were significantly sweeter and with more buttery, umami and pepper flavours but less salty than in brine products. Cleome products were most sour followed by cowpea, swiss chard, and amaranth.
In cream sauce products were less cohesive than the in brine products (Table 4 .6). Cowpea products felt most cohesive. Cleome, amaranth, and swiss chard were significantly less cohesive in that order. Cleome products had a more sandy texture, followed by amaranth and cowpea, and then swiss chard products. The in brine products were more chewy than the in cream sauce products. Cowpea products were the chewiest, followed by cleome, amaranth and swiss chard products in that order. Cleome products provoked the most intense overall aftertaste. The aftertaste of swiss chard and cowpea products were less intense, while amaranth products had the least intense aftertaste. Among all the retort processed products, cleome in brine and cleome in cream sauce had a more intense overall aftertaste than swiss chard in cream sauce, cowpea in brine, and cowpea in cream sauce, all of which in turn, had a more intense overall aftertaste than amaranth in cream sauce, swiss chard in brine, and amaranth in brine.
Principal component analysis
The Table 7 shows the results of the consumer acceptance test carried out on the African green leafy vegetables in cream sauce canned products. There was a significant The amaranth and swiss chard products were liked more than the cowpea product, which in turn was liked more than the cleome product. The cleome product was liked the least and received a very low mean score.
Consumer acceptance
Extended internal preference mapping
To understand the sensory attributes driving consumer liking/disliking of these products, an extended internal preference mapping was conducted on the data matrix ( Figs 3 and 4) . preference for that consumer. The first and second principal dimensions, PD1 and PD2, (Fig 3) explained 51 % and 26 % of the variance respectively, and these showed that the higher liking for the amaranth and swiss chard products could be attributed to their sweet, umami and buttery flavors, as well as their popcorn aroma. The map also show that the greater dislike for the cleome product could be attributed to its sour, bitter, chemical, astringent and pungent flavors, as well as its woody aroma. Interestingly PD1 also showed a very small number of consumers (n = 13) who preferred the cleome product.
The third principal dimension PD3 (Fig 4) explained an additional 23 % of the variance and it identified a small number of consumers (n = 20) that preferred the cowpea product.
The preference for cowpea by some consumers could probably be attributed to its chewy and cohesive texture. Overall acceptance was better correlated with texture and flavor attributes than with aroma and aftertaste attributes.
DISCUSSION
Descriptive profiling separated the amaranth and swiss chard products from the cleome and cowpea products. Both amaranth and swiss chard were sweeter and more buttery, while cleome was bitterer, sourer, more pungent, astringent with a chemical flavour, metallic mouthfeel, sandy texture and more intense overall aftertaste. Canned cowpea leaves in brine and cream sauce were more chewy and cohesive. Sweetness, bitterness, sourness and astringency differentiated the products more than the other flavor attributes. Canned cowpea and cleome leaves were both more bitter than amaranth and swiss chard, but cleome was by far the most bitter of all the leafy vegetable species.
This suggests that there must be a difference in the type, structure or concentration of bitterness-inducing compounds between the two vegetables, with cleome probably having a higher concentration of such compounds. Research on bitterness has shown that there is a wide range of bitter compounds in nature e.g. plant alkaloids, isoflavones, and glucosinolates, and besides this bitter taste is very specific to isomers of similar molecular structure. 15 Small structural variations can change the taste profile or strongly influence the bitter taste detection threshold. 15 As examples, the amino acid L-tryptophan is bitter but the D-enantiomer shows a distinct sweet taste; the hesperitin rutinoside (hesperidin) is tasteless but the positional isomer hesperetin neohesperidoside (neohesperidin) is strongly bitter. 15 The negative correlation between the leafy vegetable judged to be sweet against bitter, is supported by work done to describe flavor of fresh leafy vegetables such as spinach, swiss chard, lettuce and kale, by Talavera-Bianchi et al.. 16 Their results suggested that when leafy vegetable samples were bitter and astringent, they were not considered as sweet overall or vice-versa.
The different vegetable species were seen to have characteristic sensory attributes that described them. Amaranth was characterized by the attributes of sweet taste, greengrassy aroma, and a popcorn aroma. Swiss chard, in brine or cream sauce, was similarly characterized by the attributes of sweet taste, green grassy/leafy aroma but less of a popcorn aroma. In addition, amaranth had an extremely soft texture. This soft texture could have been due to a combination of freeze damage during freezing, leading to softening of tissues, and a similar effect caused by retort processing. It must be noted that cowpea leaves were the only leaves not adjudged to be soft. Canned cowpea leaves were characterized by bitter taste, cohesive and chewy texture, as well as having strong tobacco and woody aroma. The cohesive and chewy texture of the cowpea leaves could be attributed to their high cellulose and pectin contents. 17 The tobacco aroma could be attributed to the degradation of carotenoids present in the cowpea leaves. Norisoprenoids, also known as ionones, are 13-carbon compounds resulting from the oxidative 9, 10 bond-degradation of carotenoids like β-carotene, zeaxanthin, astaxanthin and lutein. 18 This degradation gives rise to several ionones and their derivatives, such as β-damascenone and megastigmatrienones, all of them typical components of tobacco aroma. 18 . Ionones could also be responsible for the woody aroma, as β-ionone and α-ionone have been identified as contributing to woody aroma in tea leaves. 19 Canned cleome leaves in brine or cream sauce, were characterized by intense bitterness and overall aftertaste, as well as being astringent, sour tasting, and pungent. Astringency, defined as a drying or puckering mouth feel detectable throughout the oral cavity, may be due to a complexing reaction between polyphenols and proteins of the mouth and saliva. 20 This could indicate that the astringent tasting cleome leaves might have had a higher concentration of polyphenols than the others.
A phytochemical screening of Cleome gynandra leaves indicated an abundance of gallic tannins, and anthocyanins. 21 Organic acids are significant components responsible for sour tastes, 22 and the high intensity of sourness characterizing cleome leaves, could indicate the presence of organic acids. In addition, cleome was texturally perceived as being sandy. The sandy mouth-feel noticed in the cleome products may be due to some crystals observed in the product after canning. These crystals could be as a result of the interaction of calcium and oxalic acid in the vegetable, to form calcium oxalate, or yellow crystals of glucosides found naturally in vegetables. Cleome leaves have been reported to contain oxalates up to 0.088g kg -1 edible portion. Similar results have been reported elsewhere for cauliflower and broccoli.
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Texture of the leaves was also affected by canning medium, as the longer retortprocessing times for products with cream sauce as the canning medium compared to the in-brine products could have led to the greater softening of leaf tissues. Brine as a canning medium had an effect on saltiness. The brine products were saltier that the cream sauce products. This was expected as the salt concentration in the brine (1.5%) was higher than that of the cream sauce (1.2%).
The consumer evaluation and preference mapping showed that the flavor attributes of sweetness, umami, and buttery as well as popcorn aroma, were the driving factors for consumer liking. Understanding which sensory attributes drive consumer acceptance of food and beverage products is critical to the food and beverage industries. 14 Cleome samples which were characterized as bitter, sour and astringent were the least liked, and this is supported by previous work reporting that bitter taste is one of the important reasons for rejection of ALVs. 3 Although the expectation was that the use of a cream sauce as canning medium would reduce the bitterness, sourness, and astringency of canned ALVs, the differences across vegetable species were much more noticeable than the between canning medium effects. The bitterness inducing compounds could preferentially partition into the fat-phase of the emulsion thereby diluting the concentration in the aqueous phase. Tastants in the fat phase would be less able to access taste receptors, and thus less effective at reaching and activating bitter taste receptors. 31 The very high bitterness of cleome, in brine, and in cream sauce, as well as the great consumer dislike for the cleome in cream sauce product, driven partly by bitterness, suggests that the concentration of bitterness inducing components in cleome was probably too high to observe the expected bitterness reduction with use of a cream sauce canning medium.
CONCLUSIONS
Differences across the canned African green leafy vegetable species are much more noticeable than differences between in cream sauce and in brine canning mediums.
Canned amaranth and swiss chard leaves have similar sensory profiles, which are different from canned cowpea leaves, and even more so than canned cleome leaves. Young, female consumers preferred amaranth and swiss chard leaves, canned in cream sauce, similarly and rated these higher than cowpea leaves which are in turn rated higher than cleome leaves. This shows the potential of amaranth and swiss chard leaves for commercialization as a canned relish targeted at young consumers. Hedonic ratings for cowpea leaves in cream sauce suggest that some product reformulations, e.g. increased fat content of the cream sauce, to enhance bitter masking would be required to increase chances of a commercially viable product. Cleome leaves in cream sauce, are rated so low that it is obvious that more research has to be carried out to identify and quantify the bitterness inducing compounds in the leaves, as well as develop methods or culinary preparations to reduce this bitterness, before they could be used in a commercially canned relish targeted at young consumers. The results of this study, should form the basis of further research into the bitterness inducing compounds in cleome, and methods of reducing the bitterness in canned products using these leaves, to aid the development of commercially viable products that are acceptable to consumers.
The utilization of indigenous leafy vegetables in acceptable, commercial, shelf-stable products could aid in the conservation of these plant species; increase consumption of these vegetables by a younger generation of Africans; and could provide new food business opportunities .
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